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This property is different in film direction vs through-epoxy and was
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Thermal conductivities of the CAL composite material were calculated in the in-plane
and transverse directions. These calculations are summarized in the attached technical
note, LLR-GLAST-TN-080-A.

The thermal analysis will be re-run accounting for the directional nature of the
conductivities. The updated analysisis covered in RFA CAL-014.
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Dependence of Material Properties upon the Fiber Volume Fraction and the
Resin Content

From MIL-HDBK-3F, the expressions for thermal conductivity of alamina, in three orthogonal
directions (one direct. parallé to the fibers and other two directs. perpendicular to the fibers) are:
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Where,

ki = k. = laminathermal conductivity, parald to fibers.
k. & ka3 = kr = laminathermal conductivity, perpendicular to fibers and each other.

ki1 = fiber thermal conductivity, in the fiber longitudinal direction.
ki»» = fiber thermal conductivity, in the fiber transverse direction.
k. = thermal conductivity of the resin matrix.

V; = Volume fraction of fiber.

Vm = Volume fraction of matrix.

Each composite wall is constituted of fiber layers of different orientations. Let fibersin
layer i be oriented at an angle ?; with the global x1 axis. The effective conductivities of a
stack of layers of the resin and the fiber are given by :
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Where N isthe number of layers and h is the thickness of the ith layer.
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Calculation of CAL composite conductivities

The longitudinal and transverse thermal conductivities of the TORAY T300 fiber are (source
http://ww. torayca.contechref/en/imges/fcp02. htm):

ki = 7.310° Cal / (cm. sK) = 3.056 W/(m.K)
ko = 1.4 10° Cal / (cm. s.K) = 0.586 W/(m.K)

The conductivity of epoxy is:
Kn = 0.2 W/(m.K)
The fraction volume of fiber and epoxy are:

Vf =0.55
Vi =0.45

So, the longitudinal and transverse thermal conductivities of an unidirectional fiber
composite laminate are:

k. = 1.77 W/(mK)

kr = 0.348 W/(m.K)

For the walls constituted of the same number of layersof 2 perpendicular fiber orientations, the
in-plane and transverse conductivities are:

Ken = koo = (K_+kr)/2 = 1.06 W/(M.K) = 1 W/(M.K)
klz =0
Kss= kr = 0.348 W/(m.K) ™ 0.35 W/(m.K)

For the walls constituted of the same number of layers of 4 fiber orientations (0°, 90°, +45°, -45°),
the in-plane and transverse conductivities are the same as above.

Conclusion

Thus, for the CAL thermal smulation , we will assumed the 2 following in-plane (k.c) and
transver se (k+c) conductivities:

k|_c =1 W/(mK)
Kre = 0.35 W/(m.K)
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